This was a comparative cross-sectional study of eclamptic and normal healthy pregnant women conducted in kaduna State, Nigeria to determine Pregnancy Specific beta-1 Glycoprotein (PSG-1) levels in the peripheral blood of third trimester women with eclampsia (EC; n = 38), normal healthy pregnant and non pregnant women controls (PC; n = 25 and NPC; n = 25 respectively), age and parity matched, attending labour rooms/wards and Antenatal Clinics (ANC) of Ahmadu Bello University Teaching Hospital Shika, Zaria and four other Hospitals in Kaduna state, Nigeria. Participants with smear positive malaria, seropositive for human immunodeficiency virus (HIV) or any other known clinical infection were excluded from this study. Pregnancy specific beta-1 glycoprotein levels were estimated using Quantikine ELISA kits. Data obtained were analyzed using SPSS version 20.0 (Chicago, USA) and Graph pad Prism 6.0. Results were expressed as mean ± standard deviation while Kruskal Wallis test was used to determine the significant differences. A p-value of less than 0.05 was considered to be significant. The mean serum level of PSG-1 in EC was 2.53 ± 0.11 pg/ml, PC; 2.56 ± 0.03 pg/ml) and NPC; 0.62 ± 0.20 pg/ml. There was no significant difference between EC and PC (P > 0.05). Pregnant women (with and without EC) had significantly higher mean serum values compared to NPC p < 0.05. While pregnancy was associated with high levels of PSG-1, the study did not support the hypothesis of low PSG-1 level in EC. A longitudinal study to capture changes in PSG-I levels in the course of pregnancy as they manifest is recommended.
Introduction
Eclampsia has remained a significant public health threat in both developed and developing countries, contributing to maternal and perinatal morbidity and mortality globally [1] [2] . However, the impact of the disease is felt more severely in developing countries including Nigeria [3] - [5] . Report show that in Nigeria, 37,000 women die annually due to PE and EC related complications and it accounts for up to 40% of maternal death in Northern Nigeria [6] .
Eclampsia, the occurrence of generalized convulsion (s) in association with signs of preeclampsia (hypertension and proteinuria) in pregnancy and not caused by epilepsy or other convulsive disorders in pregnancy. While pre-eclamppsia (PE) and EC are not distinct disorders but the manifestation of the clinical features of the same condition [7] , some features suggest that EC may have an immune pathology [8] . Also susceptibility to EC varies from one woman to another, indicating genetic and immune factors [9] .
Pregnancy-specific glycoproteins (PSGs) are expressed throughout human pregnancy and are the most abundant fetal proteins secreted by the placental syncytiotrophoblast into the maternal bloodstream in mid to late pregnancy (~200 -400 µg/ml) [10] . Pregnancy specific glycoproteins are produced by ten PSG genes (PSG1-PSG9, PSG11) and belong to the carcinoembryonic antigen (CEA) family, part of the immunoglobulin (Ig) super family [11] .
Studies of PSG function have largely focussed on their role in modulating the maternal immune system. Pregnancy specific glycoproteins isolated from the human placenta have an inhibitory effect on phytohaemagglutinin or allogeneically stimulated lymphocytes [12] . Subsequently, it was shown that recombinant mouse and human PSGs induce production of anti-inflammatory cytokines such as interleukin-10 (IL-10) and transforming growth factor beta-1 (TGFβ1) by monocytic, macrophage and dendritic lineages in vitro and in vivo [13] [14] . In the human, elevated PSG levels are associated with improved symptoms of rheumatoid arthritis during pregnancy [15] . These findings are consistent with PSGs contributing to modulation of maternal immune responses during pregnancy. More recently, PSGs were shown to be pro-angiogenic in in vitro assays, an activity mediated by interactions with cell surface glycosaminoglycans and the induction of TGFβ1 and vascular endothelial growth factor A (VEGF-A) [16] . Pregnancy specific glycoproteins are expressed from the preimplantation blastocyst stage of development [17] and therefore may have a role in promoting angiogenesis in the placental bed in the early pregnancy, or perhaps in vascular endothelial protection and repair in the maternal circulation in later pregnancy. Consistent with the proposed immunoregulatory and angiogenic functions of PSGs, deregulation of PSG expression has been reported in disorders of pregnancy associated with pro-inflammatory and anti-angiogenic phenotypes. For example, low levels of PSGs have been reported in maternal circulation of first and second trimester pregnancies complicated by intrauterine growth retardation and preeclampsia [18] , [19] . What are the alterations or changes that may occur in PSG-1 levels women with established EC? This question therefore, forms the basis of this study. The objective of this study was to measure PSG-1 levels in the peripheral blood of women with EC and to compare the data obtained with values in normal pregnant women and normal healthy non-pregnant controls with the hope of understanding the role of PSG-1 in the pathogenesis of EC.
Materials and Methods

Study Area
This was a comparative cross sectional study, conducted in Gynaecology and Obstetrics Departments of Ahmadu Bello University Teaching Hospital (ABUTH) Shika, Zaria, Hajiya Gambo Sawaba General Hospital (HGSGH), Zaria, Barau Dikko Specialist Hospital (BDSH) Kaduna, Yusufu Dantsoho Memorial Hospital (YDMH) Kaduna and General Hospital (GH) Kafanchan. Patients and controls were enrolled as they present. Ethical clearance was obtained from the Scientific and Health Research Ethics Committee of the Ahmadu Bello University teaching hospital Shika-Zaria and the Kaduna State Ministry of Health (KSMOH) before commencing the study. Patients retained the right to deny consent for or opt out of the study at any stage. Patient confi-dentiality was maintained throughout the study.
For the women with EC: third trimester women with identifying features of high blood pressure (≥140/90), proteinuria (2+ dip stick testing of random urine) and tonic-clinic convulsion, who were previously normotensive and nonproteinuric after 20 weeks of gestation [20] . For the controls: third trimester healthy pregnant women (normotensive and nonproteinuric) age and parity matched with EC above and non-pregnant healthy (normotensive and nonproteinuric) age matched with EC and PC [21] . Participants that refused consent or opt out, tested sero-positive for human immunodeficiency virus (HIV), blood smear positive for malaria test, or any known clinical disorder were excluded from the study.
Clinical Evaluation and Selection of Participants
All the participants were briefed about the nature of the study and written informed consent was taken from all the recruits. Blood pressure was measured using a simple mercury sphygmomanometer on right hand arm in a supine position after 10 min. rest by the collaborating clinician at the antenatal clinic (ANC)s of the Obstetrics and Gynaecology Department of the respective hospitals. To perform dipstick urine analysis, combi-2 Medi-test strips were used. Clients who fulfilled the entry criteria were enrolled for the study. Participant's personal data such as age and parity, etc. were sourced from each participant in addition to the data resulting from the clinical and laboratory examination and entered into the study.
Blood Sample Collection.
A total of 5mls of blood were drawn from each research participants, after confirmation of diagnosis and before the administration of any drugs into plain tubes. Serum were extracted and stored in pre-labelled serum vials containing drops of trasylol (aprotonin)-Sigma USA and stored at −20˚C to inhibit degradation of PSGs.
PSG-1 Assay
Pregnancy specific beta-1 glycoprotein was assayed on batched serum samples by quantikine ELISA kits following the outlined protocol by pathare et al. [22] . Frozen (−20˚C) serum samples were thawed once and brought to room temperature at the time of assay. Serum samples (EC; n = 38, PC; n = 25, NPC; n = 25) were dispensed along side with dilutions of standards (recombinant PSG-1) into wells of the micro titre ELISA plates pre-coated with monoclonal antibodies against the human PSG-1 to be assayed and incubated at room temperature for 2 hours. The plates were washed four times with buffer (phosphate buffer saline-0.05% and Tween 20). Conjugates (polyclonal antibody against PSG-1 to horseradish peroxidase-HRP) were added and incubated for 2 hours at room temperature. Unbound enzymes were washed out while the bound enzymes were then detected by incubation in the dark with substrate solutions (stabilized hydrogen peroxides and tetramethylbenzidine-TMB). The plates were scanned using a microplate reader (Bio-Rad, USA) set at 450 nm with wave length correction set at 570nm. A standard curve was then generated from the known standards. Concentrations of PSG-1 in the specimen were determined by comparing sample optical density with the values on the standard curve.
Statistical Analysis
The data obtained were analysed using the SPSS version 20.0 (Chicago, USA) and Graph Pad Prism 6.0. Results were expressed as mean ± standard deviation. Kruskal Wallis was used to determine significant differences. Comparisons were made between EC, PC and NPC. Test was carried out at 0.05 level of significant and p < 0.05 was considered significant.
Results
The Demographic and Clinical Characteristics of Women with EC, PC and NPC
The mean age and standard deviation of the groups were similar: EC (25.0 ± 5.9 years), PC (24.9 ± 5.7 years) and NPC (25.1 ± 5.9 years). The mean gestational age and parity for patients and controls were also similar: EC (37.2 ± 2.2 weeks and 1.4 ± 2.4) and PC; (37.1 ± 2.0weeks and 1.5 ± 2.5) respectively. Similarly, the mean BMI and standard deviation recorded was: EC (26.4 ± 4.3 Kg/m 2) , PC (25.8 ± 3.7 Kg/m 2) and NPC (25.2 ± 4.3 Kg/m 2) . There was no statistical difference between EC, PC and NPC (P > 0.5) ( Table 1) . However, the mean values of blood pressures (systolic; diastolic) and standard deviation were noted to be higher in EC (171.6 ± 25.2 mmHg; 110.0 ± 10.7 mmHg) compared with PC, (111.6 ± 7.1 mmHg; 79.5 ± 11.3 mmHg) and NPC, (109.6 ± 6.6 mmHg; 84.2 ± 6.4 mmHg). There were significant differences between EC, PC and NPC (p < 0.05) ( Table 1) . Most of the eclamptic women (55.3%) were not booked in the facility at the time of study. While 100% of the pregnant women control had been booked who served as controls ( Table 1) . Urinary proteins (albumin), ≥2+ were recorded in all eclamptic women and non in PC and NPC. Similarly, tonic-clonic convulsions that occurred antepartum (16; 42.1%) and intrapatum (22; 57.9%) were recorded in the eclamptic women and non in the pregnant and non pregnant controls ( Table 1) . 
Pregnancy Specific Beta-1 Glycoprotein Levels in Eclampsia, Pregnant and Non-Pregnant Controls
In Table 2 , the mean serum (log value) of PSG-1 in EC was 2.53 ± 0.11 pg/ml, while for the PC and NPC; it was 2.56 ± 0.03 pg/ml and 0.62 ± 0.20 pg/ml respectively. While there was no significant difference between EC and PC (P > 0.05), women with EC had significantly higher mean serum values compared to NPC p < 0.05. Table 2 . Pregnancy specific beta-1 glycoprotein levels in eclampsia pregnant and non-pregnant controls.
Parameter EC (n = 38) (mean ± SD) PC (n = 25) (mean ± SD) NPC (n = 25) (mean ± SD) P-value Log PSG-1 (pg/mL) 2.53 ± 0. 
Discussion. Pregnancy Specific Beta-1 Glycoprotein (PSG-1)
The result of this study showed that women with EC and normal healthy pregnant women had higher mean serum levels of PSG-1(P < 0.05) compared to concentration recorded in healthy non pregnant controls. Although, there was a decrease in the mean serum PSG-1 levels among the eclamptic women compared to the normal healthy pregnant group, the difference was not significant (P > 0.05).
This result agrees with findings of Onyemelukwe et al. [23] who studied 71 normal healthy pregnant women in northern Nigeria. They documented a low rise in PSG-1 up to 24 weeks, then a steep rise up to 36 wks followed by a gradual fall near term. The result of this study whoever, did not support the findings of Silver et al. [24] who reported significant low PSG levels in PE, the precursor of EC.
Pregnancy specific beta-1 glycoprotein, the major placental glycoproteins are a group of highly similar proteins synthesized in large amounts by the placenta trophoblast that together with the carcinoembryonic antigens comprise a subfamily within the immunoglobulin (Ig) super family [25] . During normal pregnancy, PSG molecules are released into the maternal circulation reaching 200 -400 µg/ml in the serum at the end of gestation [26] and are thought to play a crucial role in supporting gestation and foetus protection against the maternal immune system [27] . Sacks et al. [28] proposed that pregnancy-specific factors induce the suppression of a specific arm of the maternal response and assumes the central role in maternal immunological adaptation. PSG modulates the immune response by inducing the secretion of anti-inflammatory cytokines such as IL-10, IL-6 and TGF-β by human and murine cells ( [29] [30]). PSG also suppress mixed lymphocyte reaction and T cell activation by mitogens [12] .
In this study, the slight decreased mean PSG-1 value in the eclamptic women compared to normal healthy pregnant women control might in part be associated with the pathogenesis of EC. Lower levels of PSG-1 have been associated with certain human, pathological conditions such as autoimmune disease, spontaneous abortion, fetal retardation, low birth weight and hypoxia [27] [31]- [33] .
Sacks et al. [28] have proposed that soluble placental products released directly into maternal circulation can generate specific pregnancy signals through interaction with innate immune system. Thus the innate immunity might be able to distinguish pregnant from non-pregnant states, producing unique signals that promote or prevent the lymphocytes response to alloantigen stimulation. While pregnancy is generally associated with high levels of PSG-1, the study did not support the hypothesis of low PSG-1 level in EC. There is a need for a longitudinal study to capture changes in PSG-1 levels as they occur for better understanding of pathophysiology of eclampsia as it surfaces.
